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Abstract:- 
The traditional procedure of the secondary injection test includes splitting the secondary 
winding of current transformer from the test circuit. This work investigates whether the presence of the 
current transformer secondary winding inside the test circuit affects the accuracy of the test results or 
not. Matlab/Simulink has been used in this paper for modeling and simulating  the tested circuit. Paper 
results show that the accuracy of the test is not affected when the secondary winding of current 
transformer presence inside the test circuit. 
Keywords: Secondary injection; Current transformer; CT tests. 
 ةصلاخلا 
;;
Introduction 
Protection relays and measuring equipment's are an important part of power 
system, without them, the power system can’t operate (Zeineldin et.al., 2015). During 
routine maintenance of the protection system, comprehensive tests are conducted. One 
of the most significant tests is Secondary Injection (S.I.) test, which verify the 
protection system operation and the current transformer (CT) secondary circuit 
continuity. 
In practical, CT consists of two or more cores, one for metering and the other for 
protection. Each core has different specification depends on its usage, where the 
protection relays (which are connected to the protection core of the CT) are responsible 
of detecting the fault condition depending on its characteristics, so that the accuracy of 
their test is very important issue (Kinan et.al., 2016). 
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This paper is intended to examine the effect of secondary winding of current 
transformer on the accuracy of the S.I. test and then decided whether it must be 
disconnected or not from the S.I. test circuit. As the S.I. test involves injection current 
in the secondary circuit of the CT in order to check the relay performance in 
comparing with the relay characteristic. The CT winding is a part of secondary circuit, 
which make it included in the test loop. For this reason, it may constitute another path 
for current, leading to the test accuracy error. So that, it is so interested to determine 
the degree of this impact for different test conditions in order to obtain a final 
conclusion, that the CT secondary winding must be disconnected from the circuit or 
not during the test. 
Current Transformer:- 
The main aim of CT is to supply the protection and measuring devices in the 
substation with a secondary small current. A simple representation of the CT circuit 
connection is shown in Figure(1), where Ip and Is represented a primary and 
secondary current, Np and Ns are a primary and secondary turns number, RCT is the 
CT wires equivalent resistance and ZB is the burden impedance. 
 
Figure (1) Current Transformer Connection 
Secondary current value is proportion with the current which flow in the primary 
circuit. The rated current for the secondary side is always 1 or 5 Amperes with 
different rated value for primary current such as (300:5, 1200:5, 2000:1). These ratings 
indicate the continues operating current of the CT which approximately match the 
system normal operation current ( Zeineldin et.al., 2015). The primary side of the CT 
is in series with the power system conductor, which makes the power transformer 
relationship applicable for the CT:  
Ns / Np = Ip / Is                                                                          (1) 
The equivalent circuit of CT is shown in Figure(2) (Rafajdus et.al., 2010), 
where R1, R2, L1 and L2 represent the primary and secondary side resistance and 
inductance respectively. In real conditions, Rb is resistance of the burden. The 
magnetizing branch is represented by a non-linear magnetizing inductance Lµ, which 
is a function of magnetizing current Iµ. As appears from the equivalent circuit; it is not 
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all of the secondary current passed through the current sensing device, but some of it 
goes into the magnetizing branch cause CT error (Duncan et.al., 2008). 
The burden of the CT is very important point which should be considered in the 
design and operation of the CT, it includes the impedance of wires in addition to the 
impedance of the connected device in the secondary side. The burdens of CT rating are 
expressed by VA, example of CT 300:5, 50VA and 200:5, 60 VA (Jae KapJung et.al., 
2007). 
 
  
Figure(2) Equivalent Circuit of CT 
Secondary Injection Test:- 
The S.I. test is carried out to check the operation of the protection relays i.e. 
overcurrent, distance, breaker failure relays…etc. with respect to any elements which 
are connected to the secondary of the CT. In addition to the tripping performance of 
relays, the S.I. test also checks all the circuits and equipment included in the secondary 
side of the CT (Davies et.al.,1996). 
The S.I tests simulate the CT secondary current by injection 1 or 3 phase currents 
to emulate the normal and fault condition.  
Figure(3) shows S.I. test for checking the relay performance, where P1, P2 are 
the primary connection points of the CT and S1, S2 are the secondary connection 
points. The usual procedure for the S.I. test is shown in the Figure(3), including the 
disconnection of the primary circuit and isolating the tested device “relay” from the CT 
secondary side.  
The main aim of this study is to discuss the procedure of the S.I. test and to 
check the test accuracy. It is  affected, in case, that the test whether performed with 
the relay is not disconnected from the CT secondary side. 
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Figure (3) Secondary Injection Tests 
Simulation Results:- 
In order to check the accuracy of the S.I. test, the work implies execution of the 
S.I. test for several times with different levels of the injected secondary current and 
burdens, for two cases with and without CT secondary winding in the S.I. test loop. 
The simulation is performed by using Matlab/ Simulink. The following models 
have been employed in this work: 
A. CT model     
This model is represented by using linear transformer model from Simulink 
library(which has been used in Matlab examples as a current transformer, after 
modifying its input parameters). Table (1) shows the parameters of CT models for two 
different ratios that are required for the simulation. Due to the low number of turns in 
both sides of CT " one turn in the primary side", the value of inductance can be equal 
to zero "neglected".    
 Some of values appear in per unit quantity which have been calculated using the 
base value of V(base)=V1 and P(base)=rated burden(Pn). 
R (Pu) = R(Ω) / R (base)                                                                             (2) 
L (Pu) = L(H) / L (base)                                                                              (3) 
R (base) = X (base) = (Vn)2 / (Pn)                                                             (4) 
L (base) = X (base) / 2πf                                                                            (5)                           
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TABLE (1)  Current transformer parameters 
 
B. CT burden model  
The burden of the current transformer includes the CT secondary wire 
impedance in addition to the connected device impedance. Because of the low 
inductance value "neglected value" in the two previously mentioned impedances. In 
this paper, the burden is represented by a single pure resistance Z=R. 
For the calculation of the burden resistance value, CT parameters can be used 
for that purpose. For example, the CT of the following parameters 1200:5, 100 VA, if 
its operated in the rated burden, the burden's resistance can be calculated as following: 
R= P/ I2                                                                   (6) 
Then in this example the burden's resistance R = 4 
C. Secondary injection device model 
The S.I. device is represented by a 50Hz single phase AC voltage source; its 
voltage level can be changed to simulate different current injection.  
The simulation test's strategy includes executing the S.I. test according to the 
Table (2). The S.I. test have been repeated 12 times, 6 times for CT included in the S.I. 
test loop and the others without CT. The injected current starts from the CT rated 
secondary current to 4 times of it. 
TABLE (2) Test strategy 
CT ratio 
Burden (VA) Injection 
current (A) Rated Tested 
1200:5 100 
50 
5 
10 
20 
100 
5 
10 
20 
2000:5 200 
100 
5 
10 
20 
200 
5 
10 
20 
 
For the first test, when CT secondary winding is disconnected from the S.I. test 
loop as shown in Figure(4), the results show that the entire S.I. device's output current 
goes through the tested load. 
CT 
ratio 
Burden 
(VA) 
V1 
(V) 
R1(pu) L1(H) V2(V) R2(Ω) L2(H) Rm(pu) Lm(pu) 
1200:5 100 20/240 0.35 0 20 1.389 0 50 50 
2000:5 200 40/400 0.35 0 40 1.444 0 50 50 
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Figure (4) CT Disconnected from the S.I. test loop 
Figure(5) CT Connected with the S.I. test loop 
In the second test when CT secondary winding connected to S.I. test loop as 
shown in Figure(5), a negligible part of the injected current passed through the CT 
winding side, Figures (6, 7 and 8) show the value of this current for different CT 
ratings, burdens and levels of the injected current. 
 
Figure (6)  CT Winding Current, CT 1200:5, 100VA, 4Ω, injected 5A 
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Figure (7)  CT Winding Current, CT 1200:5, 50VA, 2Ω, injected 10A 
  
 
 
 
 
 
 
Figure (8)  CT Winding Current, CT 2000:5, 100VA, 4Ω, injected 20A 
To explain the extent of the effect of the CT windings, Figures (9, 10 and11) 
show a comparison between burden's current with and without CT winding, for some 
cases of Table(2). 
 
Figure (9)   Burden Current, CT 1200:5, 100VA, 4Ω, injected 5A 
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Figure (10)  Burden Current, CT 1200:5, 100VA, 4Ω, injected 10A 
 
Figure (11)  Burden Current, CT 2000:5, 100VA, 4Ω, injected 20A 
As shown in the previous figures; there is no clear different between burden 
current in the two cases. So that the existence of the CT winding in the S.I. test loop 
accuracy doesn't affected since there is approximately no current pass through the CT 
side as explained above.   
Conclusion:- 
This work has explained the S.I. test, which is one of the important and repeated 
tests for maintenance and contingency purposes. The results that have been gained 
with Matlab/Simulink, show that when the S.I. test is executed without disconnecting 
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the CT secondary from test loop as shown in Figure (5), the accuracy of the test is not 
affected. As a final conclusion, the S.I. test can be performed without disconnecting 
the relay form the secondary circuit of the CT, which leads to: 
 Reducing the test processes.  
 More saving in time.  
 Preventing the mistakes that may happen due to disconnection and reconnection of 
the CT (i.e. CT open circuit).  
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